R adiofrequency (RF) catheter ablation has rapidly emerged as the treatment of choice for symptomatic reentrant arrhythmias associated with accessory pathway or atrioventricular node conduction.1-4 The primary mechanism of irreversible tissue injury by RF ablation is presumed to be thermally mediated. 5, 6 However, a number of interesting clinical observations made during RF ablation remain unexplained. Both transient and permanent loss of conduction can be demonstrated after RF delivery.7 Whether transient loss of conduction represents reversible heatinduced changes in cellular electrophysiological properties is not known. In addition, accelerated beats are frequently noted at the onset of RF delivery during clinical ablation at certain anatomic sites including the atrioventricular junction,8 the "slow" atrioventricular nodal pathway,9 and automatic atrial or ventricular tachycardias. The precise cellular electrophysiological mechanism of these accelerated beats has not previously been characterized.
We studied the acute effects of hyperthermia on the cellular electrophysiology of isolated guinea pig right ventricular papillary muscle to gain further insight into the cellular electrophysiological mechanisms responsible for the clinical phenomena observed during RF catheter ablation.
Methods

Animal Preparation
All animals used in the study were treated according to the guiding principles of the American Physiological Society. Twenty-five female guinea pigs weighing 300 to 400 g were anesthetized with intraperitoneal sodium pentobarbital (30 mg/kg), and the hearts were rapidly removed via a sternotomy. The right ventricle was opened, and the papillary muscles (n=35 muscles) were identified, excised, and placed in a Petri dish containing Tyrode's solution (composition in mmol/L: Na' 143; K' 4.7; Cl-128; Ca2' 2.5; Mg 2+ 2.0; S042-2.0; HCO3-25; glucose 11; EDTA 0.1) equilibrated with 95% 02/5% Hyperthermia resulted in the development of automaticity, which was defined as the occurrence of two or more spontaneous action potentials or contractions that were not coupled to pacing stimuli. Loss of cellular excitability was defined as failure to pace the muscle at the stimulus intensity used to pace the muscle under control conditions. Because the development of automaticity and loss of excitability could be assessed by monitoring appropriately timed muscle tension development, these data were recorded from all preparations (n=80 resting, n=125 paced) and included in data analysis. Irreversible contracture of the papillary muscle was used to define irreversible tissue injury.
Statistical Analysis
Statistical analyses, linear regression coefficients, and curve-fitting algorithms were performed with RS/1 (BBN Software Inc, Cambridge, Mass (Table) .
The mean APDso and APD90 at 37.0±0.5°C were 151 ± 14 and 177± 13 milliseconds, respectively. A prominent shortening of APD was noted at all hyperthermic temperature exchanges (Fig 2, Table) . The decreases in APD50 and APD90 were linearly proportional to the increase in temperature between 37.0 and 49.9°C, but the correlations were relatively poor (P<.001, r=.49 and P<.001, r=.40, respectively) (Fig 3) . 
Hyperthermia-Induced Changes in Cellular Excitability
Loss of cellular excitability was observed in paced muscles at temperatures 242.7°C and appeared to be related to the temperature-dependent depolarization of V.. The mean Vm associated with loss of excitability was -44.4±33.3 mV compared with -81.8+8.7 mV for normal excitability (P=.0001). Reversible loss of excitability (Fig 4) was noted within a temperature range of 42.7 to 51.3°C (median, 48.0°C), whereas irreversible loss of excitability and tissue injury was observed only at temperatures 250.0°C (Fig 5, Table) .
Hyperthermia-Induced Automaticity
Abnormal automaticity was documented at temperatures >45.0°C (Fig 6, Table) '2,13 Hyperthermia has been demonstrated to result in intracellular ionic changes.12"3 However, the reported ionic changes have been inconsistent between different studies and seem to depend on the cultured cell line used, as well as the magnitude and duration of the temperature change. The precise mechanisms responsible for the cellular electrophysiological changes observed in the present study remain speculative. The changes noted at temperatures <450C may be a result of temperature-dependent kinetic effects on ion channels and pumps, whereas temperatures .450C may cause structural alterations in the plasma membrane and other intracellular membranes. The latter may result in changes in membrane fluidity.
In vitro studies using perfused and superfused porcine right ventricular free wall, in which RF power was adjusted to maintain an electrode/tissue interface temperature of 850C, have shown that irreversible myocardial injury occurs at an isotherm of 52 to 550C.14 This temperature range is in close agreement with the observation that irreversible tissue injury occurred at temperatures .50.00C in the present study.
In clinical studies, transient and permanent losses of accessory pathway conduction have been demonstrated to occur at mean temperatures of 50+80C and 62+ 15'C, respectively.'s However, these temperatures were mea- The present study demonstrated thermally induced automaticity in normal tissue at temperatures >45"C. Although this observation may be analogous to the accelerated automatic rhythms observed during RF ablation of the atrioventricular junction,8 the "slow" atrioventricular nodal pathway,9 and automatic atrial or ventricular tachycardias, the relative absence of automaticity during ablation at other anatomic sites remains unexplained.
Limitations of the Study
An in vitro preparation was used in the present study, and the observations made with this model may not fully represent the phenomena occurring in vivo. Additionally, the temperature of the superfusate in close proximity to the muscle was measured rather than the temperature within the tissue itself. However, the papillary muscles were <0.5 mm in thickness, and it was assumed that the temperature gradient between the surface of the muscle and the site of the microelectrode impalement was not significant. Since each papillary muscle was typically subjected to more than one hyperthermic exposure, particularly to temperatures below 45"C, a cumulative effect of various heat exposures cannot be excluded. However, observations in preparations with limited hyperthermic exposures were not significantly different from those in which multiple temperature elevations were used. Finally, the possible synergistic effects of both the thermal and electrical components of RF energy delivery were not accounted for in the present protocol.
Conclusions
The results of this in vitro study suggest 
